li'ilVAL  . 


jCi.ASS7.?"iCiVi  iOiJ :  Unclassified 


An  EbcperiDientsLl.  Study  of  the  Role  of  the  Nonstationary 
Character  and  Non-Qne-dimensionality.  of  the  Zone  of 
'Coi^poneiit  Transformation  in  the  Combustion  Process 
in  Condensed  Md.rtLu'es 

[Eksperinisntal‘noye  iss3.edovaniye  roll  nehtatsionarnosti 
i  neodnomernosti  zcny  prevx’ashchehiya  kourponentov  v 
protsesse  goreniya  kondensirovanny3di  smessy] 

«  ■ 

AUTHOR:  S.So  No\dkov,  P.  F.  Pokhil,  luoS.  Ryasants’ev  and 
L.  A.  Suldianov 

PAGEC<i!>:  8 

SOURCE :  Doidady  Akadeinii  Naulc  SSSR  [Reports  of  othe  Acadeitiy 
of  Sciences  of  the  USSR] 


OR'iCiltMj  LA»I»;UACw;  Russian 


AP?.;OV;;bjP.XiK^ . 

DAY  E  3  July  1968 


Reproduced  by  Iho 

CLEARINGHOUSE 
or  Federal  Scienlilie  &  Technical 
Inlormalion  Springfield  Va.  22151 


( 


L 


A  great  many  experimental  studies  made  in  recent  years 
have  been  devoted  to  investigation  of  the  mechanism  of 
combustion  of  condensed  mixtures  [l-ll].  Theoretical  con¬ 
cepts  on  the  combustion  of  mixed  condensed  systems  v^;ere 
developed  in  [12-15].  Nevertheless,  there  is  still  no  una¬ 
nimous  point  of  viev;  concerning  the  mechanism  of  condensed 
mixtures  and  the. physical  nature  of  a  number  of  laws  govern¬ 
ing  the  combustion  of  these  systems  to  a  considerable  extent 
remains  unclear. 

The  objective  of  thiS'  study  is-i clarification  of  the  role 
of  one  factor  characteristic  of  the  process  of  combustion  of 
condensed  mixtures  and  usually  absent  (or  unimportant)  in  the 
process  of  combustion  of  individual  explosives  and  nitro¬ 
glycerine  powder.  This  di-s-tinguishing  characteristic  is 
the  nonstationary  character  and  non-one-dimensionality  of 
the  combustion  zone.  In  particular,  the  non-one-dimensionality 
of  the  combustion  zone  is  graphically  demonstrated  in  an  . 
investigation  made  in  [6]  of  the  structure  of  the  burning 
surface  of  condensed  mixtures.  Over  this  surface  there 
are  sectors  consisting  either  of  an  oxidizer  or  a  fuel;  in 
addition,  the  surface  is  essentially  nonplane  beCvause  the 
mean  surface  level  of  the  oxidizer  differs  from  the  mean 
surface  level  of  the  fuel.  Since  the  oxidizer  grains  have 
an  irregular  configuration,  have  a  definite  spatial  dis¬ 
tribution  and  distribution  by  grain  size,  the  configuration 
of  the  burning  surface  at  each  time  has  a  random,  stochastic 
character. 

Despite  the  fact  that  v;ith  adequate  pulverization  of 
the  mixture  components  the  combustion  occurs  v;itl)  a  certain 
mean  rate,  the  processes  in  the  combustion  zone  will  be 
nonstationary.  This  nonstationary  character  can  be  caused, 
in  particular,  by  the  fact  that  the  regions  of  the  oxidizer 
and  fuel  continually  change  in  size,  configuration  and  rela¬ 
tive  posit.ion.  If  one  observes  son--  point  on  a  burning 


surface  having  fixed  coordinates  as  the  mixture  burns  first 
the  oxidize!  and  then  the  fuel  will  be  present  at  this  point. 
This  temporal  alternation  of  the  fuel  components  at  a  fixed 
point  on  the  burning  surface  causes  the  diffusion  and  heat 
conduction  processes  to  be  nonstationary  in  the  combustion 
zone  and  makes  it  necessary  to  examine  ignition  processes  in 
the  nev;ly  forming,  sectors  of  the  surface. 

This  nonstationary  character  of  the  combustion  zone, 
associated  with  temporal  alternation  of  sectors  of  fuel  and 
oxidizer  at  a  given  point  on  the  burning  surface,  can  be 
eliminated  by  combustion  of  a  mixture  composed  of  parallel 
layers  of  fuel  and  oxidizer  in  such  a  v;ay  that  the  combustion 
front  propagates  along  these  layers  (Fig.  la).  ■  The  pos¬ 
sibility  of  propagation  of  combustion  along  the  oxidizer  - 
fuel  discontinuity  v;as  demonstrated  in  studies  by  N.  N. 
Bakhman  Cl,  4]_.  A  detailed  theoretical  investigation  of 
fuel  combustion  in  the  case  of  a  stratified  ("sandwich") 
structure  of  the  condensed  phase  was  made  in  a  study  by 
Nakhbar  Cl2].  The  literature  makes  no  reference  to  experi¬ 
mental  checking  of  this  theory. 

-^Xn  the  experiments  described-  belovrthe  fuel  used  vjas 

plexiglass  and  the  oxidizer  was  pulverized  potassium  per- 

chlorate\v;ith  particles  having  a  mean  diameter  ~  6  ji. 

Ordered  sampTes  (Fig.  la)  were  used  in  making  tv;o  series 

of  experiments  (Fig.  2,  1  and  2)  with  t)'e  plexiglass  barriers 

separating  the  layers  of  oxidizer  0.5  and  0.35  mm  thick 

respectively.  An  equivalent  disordered  mixture  (Fig.  lb) 

had  the  same  relation  of  components  as  the  ordered  mixture 

and  the  mean  diameter  of  the  plexiglass  particles  was  0.4  mm. 

The  density  of  compaction  of  the  mixture  v;as  selected  in 

such  a  v/ay  that  the  local  .density  of  KCIO.  in  the  ordered 

^  3 

and  disordered  syste.ms  v/as  identical  (~  1.6  g/cm  ). 

The  saniples  v;ere  prepared  by  cutting  slits  in  rect¬ 
angular  blocks  of  plexiglass.  Then  the  slits  v;ere  manually 
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packed  v;ith  oxidizers.  A  uniform  density  of  the  oxidizer 
in  the  slit  was  achieved  by  a  careful  packing  and  the  uni¬ 
formity  of  combustion  of  the  layers  v;as  checked.  The  com¬ 
bustion  of  the  samples  v;as  in  a  constant  pressure  capsule 
in  a  nitrogen  atmosphere  and  v;as  photographed  by  a  "Konvas" 
movie  camera.  The  ordered  samples  could  not  be  ignited  at 
atmospheric  pressure  and  the  disordered  samples  with  extremely 
strong  ignition  burned  unstably,  usually  v;ith  rapid  atten¬ 
uation. 

At  a  pressure  greater  than  five  atmospheres  both  the 
ordered  and  disordered  mixtures  burned  stably.  Figure  3 
illustrates  the  characteristic  appearance  of  the  combustion 
front  of  an  ordered  system  at  a  pressure  of  20  atmospheres. 

The  combustion  front  breaks  dovjn  into  individual  flares.  At 
a  pressure  greater  than  40  atmospheres,  the  plexiglass 
barriers  0.5  mm  thick  cannot  be  ignited  but  with  a  thickness 
0.35  mm  their  combustion  is  complete  even  at  60  atmospheres. 
When  p  =  60  atmospheres,  (Fig.  2,  1)  the  fuel  sometimes  broke 
through  along  the  oxidizer  -  fuel  discontinuity  and  there 
then  was  a  surge  of  oxidizer  from  the  slit. 

One  of  th(2  principal  corollaries  of  the  Nakhbar  theory 
Cl2]  is  the  conclusion  that  the  combustion  rate  for  an 
ordered  system  is  not  dependent  on  pressure.  Curves  1  and 
2  on  the  graph  indicate  that  at  least  for  this  oxidizer, 
fuel  pair  this  theoretical  conclusion  sharply  contradicts 
experimental  data.  The  curve  3  represents  the  dependence 
of  combustion  rate  on  pressure  for  a  disordered  mixture 
equivalent  in  its  chemical  composition  and  density  to  the 
ordered  mixture.  At  a  pressure  of  five  atmospheres,  the 
disordered  system  burns  almost  twice  as  slow  as  the  ordered 
mixture,  but  with  a.  pressure  increase  the  combustion  of  the 
disordered  system  transpires  far  more  rapidly  than  in  the 
ordered  system.  In  particular,  already  at  40  atmospheres, 
the  combustion  rate  for  the  disordered  mixture  could  not 


be  determined. 

Thus,  at  pressures  of  several  tens  of  atmospheres  the 
processes  associated  vjith  the  nonstationary  and  disordered 
character  of  the  combustion  zone  are  extremely  important  and 
must  be  taken  into  account  in  the  theory  of  combustion  of 
condensed  mixtures.  Now  vte  will  briefly  discuss  those  factors 
which  can  give  rise  to  a  difference  in  the  combustion  rates 
for  ordered  and  disordered  systems.  Among  these  factors  the 
most  important  apparently  are  the  following:  1)  in  a  dis¬ 
ordered  mixture  there  is  a  strongly  developed  surface  of 
contact  between  the  fuel  and  oxidizer  in  the  layer  of  the 
condensed  phase  adjacent  to  the  fuel  surface.  This  should 
leal  to  an  increase  in  heat  release  in  the  reaction  layer 
of  the  condensed  phase  of  the  disordered  system  and  a 
corresponding  increase  in  its  combustion  rate;  2)  the  non¬ 
stationary  character  of  the  processes  of  heat  and  mass  transfer 
in  the  gas  phase  near  the  burning  surface,  associated 
primarily  with  the  formation  of  new  sectors  of  fuel  and 
oxidizer  on  the  burning  surface,  apparently  should  reduce 
the  combustion  rate;  3)  a  higher  degree  of  premixing  of  the 
products  of  gasification  of  fuel  and  oxidizer  entering  into 
the  gas  phase  can  lead  to  a  small  increase  in  the  combustion 
rate  in  the  case  of  a  disordered  mixture;  4)  the  conditions 
for  dispersion  of  the  matter  of  the  k-phase  for  ordered 
(if  this  phenomenon  occurs  in  general  only  for  it)  and 
disordered  systems  are  substantially  different.  The  role 
of  this  factor  in  increasing  or  decreasing  the  combustion 
rate  is  difficult  to  predict  £  priori. 

The  results  of  the  experiments  described  above  can  be 
interpreted  in  the  following  way.  According  to  modern  con¬ 
cepts  on  the  mechanism  of  combustion  of  condensed  systems 
(such  as  [ll])  the  quantity  of  heat  released  in  the  condensed 
phase  increases  with  an  increase  in  pressure.  Therefore, 
in  a  disordered  system  at  increased  pressures,  the  first 
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of. the  above-mentioned  factors  enters  into  operation  and  the 
combustion  rate  exceeds  the  combustion  rate  for  an  ordered 
system. 

The  problem  of  the  influence  of  the.  degree  which  the 
structure  of  a  fuel  -  oxidixer  system  is  ordered  is  of  great 
importance  for  formulating  a  mathematical  model  of  the 
combustion  of  mixed  systems.  In  a  study  by  N.  N.  Bakhman 
[3]  devoted  to  investigation  of  the  combustion  of  so“called 
bidisper.se  systei.is,  it  v;as  demonstrated  that  the  combustion 
rate  of  a  mixture  is  not  dependent  on  the  mean  diameter  of 
the  oxidizer  particles  but  on  the  form  of  the  particle-size 
distribution  function  for  the  oxidizer  grains. 

The  results  of  this  study  also  definitely  indicates 
a  dependence  of  the  combustion  rate  on  the  degree  to  which 
the  structure  of  the  fuel-oxidizer  system  is  ordered. 

The  authors  feel  it  their  pleasant  duty  to  express 
appreciation  to  M.  M.  Brezhnev  and  L.  L.  Varakin  who  partici¬ 
pated  in  preparing  the  samples  and  conducting  the  experiments. 
Institute  of  Chemical  Physics,  Academy  of  Sciences  USSR 
Article  sub.mitted  6  July  1966. 
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